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(54) Title: WIDE FIELD (OF VIpW • MICROSCOPE AND SCANNING SYSTEM USEFUL IN THE MICROSCOPE 



(57) Abstract j 

j 1 An achromatic, widfe| field I 

of j view microscope system (8) j 

includes! a wide,fiel(J of view op- j 

tical system (10),;a detector (14) ; 

positioned to record an image j 

of an object (12) from thejopti- , 

cal system, and a computer (16). i- 

The optical system is ! relatively i 

monochromatic and adjustable in j 

response to the ' signals provided : 

by the computer to focus ttoe im- i 

age of the object at ;a wavelength S 

that is selectable from a range j 

of wavelengths' while! the j light \ 

deuvered to the detectjor is, lim- | 

ited to 1 the selected wavelength. ; 

By superposing successive im- [ 

ages at different selected ^ave- , 

lengths, an image or composite i 

data set at multiple wavelengths \ 

is produced. , Various important | 

types of microscopes are shown j 

that incorporate' the; features de- ! 

scribed. , Of essential importance j 

are scanning ; microscopes tjjat in- j 

elude scanning mirrors mounted j 

on armatures . that; are jsupfjorted ] 

by flexure bearipg systems or air j 

bearing systems. ! i ] 
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WIDE FIELD; dEj V|EVV MICROSCOPE AND SCANNING SYSTEM USEFUL IN THE 
MICROSCOPE | Sljii \ ; j "j j ! jj j , 

' Background ' of the Invention 

1 ■ i -i • : : 

5 i High magnification f commercially available 

micrpscopdsj.asj used to stiidy cells in medicine typically 
liaye| a! narrow field of view that is far smaller jthah the 
area; t6 bd y£^yiei£.; :i Typically these microscopes hav£ 

i 1 i ! * ; i | * h 5 ■ j I 'i ' i ■ i ! ; 

! f ieldsj of view; less than 2'50j or 500 microns whereas 

! • • ; P ;' 1 !• j !\! | ' ; «i- : >' . i i 1 ; i ! !i l 

10 specimens to be examined are on slides that measure 25 mm 
x 25| mm or larger. ' This makes it necessary to shift the 
field of ^iew many times to carry out microscopic 
examinJat icjn of a specimen . i 1 ! 

i ; i ;J Inj tjhp . jqase; of automated scanning microscopes, to 

15 study kn alrea larger than'thje field of view, a driven X-^Y t 
s^age jis epnploye^ to take a sequence of X-Y images , in 
the manner of a, raster scan. ! By employing a lens that 
has a flat| field of view, £he adjacent images, or 
^tiles 1 ?, are joined at their edges by computer 

20 probes^ingi, : toj produce a composite image of the larger 
area;. :jin |o^der to! speed the process, this can be done 
first at a! coarse resolution! for panning the area, to 
determine regions of interest, following which one pan 
zoom| tp hijgher magnification: and finer resolution to 

25 enable j examination of regions in detail. Though use of 
commercially [available microscopes is effective for; 
examination jpf j optical images, it is slow. 

I j In It^ie j^asei of fluprescence and luminescence 

! siudie^, m^ckroscbpy is i also employed to examine the; 

30 optical data. Ah important example concerns fluorescence 
in sitxj hybridization (FISH) j in which cytometry is 
performed in studies of viruses, chromosomes, DNA, etc. 
Whereas flow Cytometry is available in cases where one 
reagent is! required in the study, flow cytometry, is not 

• : -i -i j . ; . ~ : : ' 
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; genjerjally useful when using multiple reagents. , inj the 
paise of Biulti^le reagents, optical microscopy is employed. 
J fori fluoxjoppopib 'examination, using procedures similar to 

those! of jigging microscopes to obtain optical data sets 

: v ;■ i i- i ti;! | : * i ; j : i :• ■ r i .■',.!■ 

bas^d j on fluorescing radiation. Here again, commercially 

avajil^blej inicrpscopes, though effective, are quite slow. 

■j The slowness of automated scanning microscopes, in 

whibhii thpusainds of adjacent tiles are required to form a i 

composite! yie^, lis; attributable to the time f or j 

^ccpl^ratjio^i ; movement Jand f ettling of the mechanical , , 

'%Ur ; i j i bet^e|n.! : YjLewb , yhich 'imposes, significant limits on : : 

i the; speed with which the automated examination can occur. 

.! The slowness of microscopic examination as 

practiced, wi;th commercially available microscopes has an 

adverse impact oh, the efficiency of use of the expensive 

;eguipiientj ^dj.t^ertime of 'the skilled operator. | This 

Inversely! i^j^pts; : tlie jcost of health- care j and lipnits the 

Wise! of microscopic analysis i 

| j Summary of the Invention 

i According to one aspect of the invention, I have 

conceived i a p€|W approach to constructing a microjscppe 

system th^t: enables practical systems to have far wider 

fie|d^ of j yie^ than is ( common, and which permits! miich 

faster microscopic : examination of specimens. ! : 

1 1 j According to another, aspect of the invention, I 

have pjrovided scanning system features that enable 

achieviemeht of; preferred versions of new wide field of 

yiey microscopes , but which also have important r j i 

advantage? jwhein u^ed in other types of microscopps , and 

in scahnihgf:6yis;teras in; general where high angular 

compliance a©* ; r^dial rigidity of an oscillating; system 

aria desired;. 

; ! :| In; respect of the aspect of the invention that 
concerns wide field of vieyr microscopes, my new approach 
abahddns this u^e of achromatic objective lenses which are 
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commonly ifsed iri microscopes of this type. Achromatic 
lensl Systems ;h£ve been employed in the past because of 
: ths jdepir^ j£p jjaxalmine specimens without aberration under 1 
white ;jLigntj # !;j<i>i|r. ^^iglit pverj aj broad band of wavelengths. 
! 5 ! Afchrioriatic ifehsj systems >| however, ar6 expensive,! 'ttieir < : 
cost^ increabing very rapidly with size. Practical cost 
considerations have been one of the constraints that have 
limited the $i^ld of view of ordinary microscopes. j 

! Inj^laqe of • an achromatic optical system, I employ 
10 a mo^o^hr^ i.e. a lens systiam j 

(jrefjlefctiye^^ a; combination thereof): that i 

produces an; aberration-frep image at only a narrow band 
of ai few wavelengths, which,! size for size, is much less 
expensive jthan is aln achromatic lens. Such an optical 
15 - system;! is ,made j adjustable to enable selection of ! the i 
partjLcijilar| wavelength being used at any given time, , and 
to ; brirtg tjheij'diesiii^d f peal, plane at that selected ] /> 

! ; j^yelepgt^ ijfltjcij jfbeus. j The system is also! constructed sq. ! , 

that; at; any j given setting, j the detector responds ; only to 
20 the wa^ele|ngth! for which the! monochromatic optical system 
is adjusted to; be in focus; in fluorescent applications, 
the; d^ectbr, ii made to respond only to the wavelength of 
: interest f|o^^t^ei|t>iarti<pular examination being conducted. 
: j ! i Th4 adjustability Referred toucan lie provided by 
.25 - m&B of \ ;a single ; objective lens, and adjusting the 1 -J 
component jlens elements \ for each selected wavelength; 
however, alternatively, if: desired, a different objective 
can be !proVide<} for each wavelength as on a turret or 
slxde, and; the j optical system can be adjusted by 
;30^pbsiti^nin^itiif Respective, objective .in position: for each 
) waiyelengthj ^Mcted. ! , j | j . | ; : j ; 

! !i j \ Th£ resulting microscope system enables practical 
Use of ia much larger field of view, which can eliminate 
the neeid fdr an automated mechanical X-Y stage, or can 
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limit; the! number of times! the stage needs to be moved 
durintj microscopic: analysis of a large specimen. 1 ' 

• : ;j using S ;kY!jnew approach, the need to examine thel 
specimen ^t inbre than -one wavelength is met by enabling 
sequential selection of j each of the wavelengths of 
interest, j and by computer j control, automatically 
adjusting; the system so that the system, in turn, is 
monochromatic -at each of the selected wavelengths. The 
adjustment not: only adjusts the optical system to remove 
to chromatic | aberration at the wavelength selected,' but also 
adjusts th^ ( "focal plane to maintain focus; at thedesired 
i Height. B^ riepeating the adjustment process for ealch 
wayeleingth of interest, a sequence of images or optical 
data sets j at different wavelengths is obtained, by which 
15. the desired; microscopic examination can be performed. 

' Thjejineed . to have a white light image or a single 
pptical ditil set at a multiplicity of wavelengths beyond 
the capacity; of the monochromatic optical system lis also 
met. The system is programmed to take a sequence of 
20 accurately delimited images iof the same field of j view at 
diff erlent j selected wavelengths at the same focal plane, 
following ; which these views are calibrated, if necessary, 
and superposed to provide the desired multi-wavelength 



image or data ''set; ;| . 
; j • I j: Inj an automated 
images; is accomplished 



1 - ; 



■system, superposition of i the 
by computer processing of the 
image data and correspondingly driving the color! system 
of a high j definition video display upon which the 
superposed images are displayed. In an automated 
30 f ludresce^c^; or iluminescence optical data acquisition/ 
superposition of optical data is accomplished by; computer 
i processing of the optical data, and the superposed j 
optical data is presented.; 

;; Fop panning, a microscope system according to the 
invention samples the data at a coarse rate suitable for 
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presenting a panned view of a large area , thus avoiding 
an unc)ue demand on the memory capacity of the computer. 
When greater; magnification is required, sampling then is 
don<p c|n al pipc^l by^ pixel basis, at a. diffraction limited 
! ! 5 spot £ize^ ] td'IproVide -the j needed fine resolution; of the 
| ' ; partiejulai: jiregidns that! are j to be examined in detail. In 
certain preferred embodiments, a lens system that does 
riot : have a highly flat field of view is employed, to take 
advantage; of j qost savings that can be made when t this 

10 constraint j is jrelaxed. This has little adverse influence 

i \\- : • : !| j ; t y V • f ! i ■ 1 : 

because tnerej jare : no flat field requirements for 

,-!' ' { ;■ ; 'i 1 ! ■: ■.!■'" :l ' : ' ! ' ' i ■ - - i- ! : \i " I i ; • ' < 

■'■i i| ; j .^titcljting i of ; ]til^s, as lis ; required for certain Q<j>mmercial 

microscopes, arid the slight sphericity of the overall 

f ield of view can have negligible impact on the ;high 

15 resolution inspection of Selected small regions of the 

■ image J| j [• j [ j 

; | ; \\ Oujt | j <pf j ;cos£ considerations, certain preferred 

..'j e^pdijo^nis^ low cost leris systems that . 

j ! ! | : hjav^ significant spher,ical aberration. In these! -i 

20 embodiments, wide areas of the field of view are 

inspected j only when panning at low resolution at which 

inaccuracy ;introduced by the spherical aberration is not 

, ■ ': I j' : ! *. ! ' ! \'* . i ' j . . 

a drawback.; ; When. viewed at higher magnification, the 

f ield bf view sis much more restricted in width, ;and over 

i ; ; 25 sfuch dist^cfe j, trie spherical jaberratipn isjminimajl. ; The; 1 

j 1 : ability to 'adjust the focal plane readily I accommodates 

differences 1 in the height o? the focal plane between 

central arid peripheral parts of the spherically aberrated 

field.,! ; !. i - j ; , . | ; 

30 I itj wjili be : seen that the possibility of sharing 

i i ! : • ; .1 it i ! ,ii ' !■; i' 1 ' ' ' * ' ! ' ' ' 

the idata remotely by computer is now made .possible in 

■ i i':. ' ■■ |i j 'i I 1 « • '! • ■! ' . i " i i. :[ i . ' : 

;.! "•. that the data, recorded i in digital form, can be sent by 

•I * ! \ • : ; ! i' >! i- I I:!' 1 \'\ \ !■ " * ! I • ! • i , ' ! \ ' 5 . • 

modern to anywhere in the world without loss of resolution 

or cosjb of ancillary equipiment, thus opening the way for 
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wprMijride; consultation > in; medical and scientific 
applications . \ 

I i • 1$ rfespect of the aspect of the invention that 
concerns scanning systems useful in the above-described 
5 microscopes and means generally, I have provided a 
j scanning system in. which a jpoving magnet galvanometer 
drives a flexure-mounted armature that is mounted on 
cross-flexures constructed to provide high angular 
compliance , and radial rigidity. 

io ! i j ! Oth^r important features of the invention, ' 

employed £n: preferred embodiments, are given in 'the : : 
•f^llowingj detailed;^ summary, j ■ ; 

ih : ! ; In g&tiebai; the- j invention features* an achromatic;; 
wide field of view microscope system including a wide 

is f ield !of yiew optical system, a detector positioned to 
recorc^ an 1 imjage of i an object from the optical system, and 
a compute^:.; The optical system is characterized in being 
mqhocti^ in response to the Icomputer 

to focus jtlU: qbjlect at a wavelength that is seleict^ble ! 

20 froifi a rahcfe of wavelengths. The microscope system, for 
any | wavelength so selected, jis constructed to limit to 
the selected wavelength the light delivered to the 

■ ! ' j i . ; ;. ' . ■ 

• detector. • ■ | i 1 i 

' . ' ; ' 1 I ' : ■ i . •' , . : 

i i Ir> preferred embodiments, the invention features a 
' . . :i - i .j.u' r" ! ■ ■" :!,'.. 

25 photo-electric ;detteetdr; if or | delivering optical data to 

; j! ; 'i i i'!!: 1 :r » l i' ' I . i ■ j ! ;L . i • j i \ : 11 

, ^heijcctoputeir^j jand^he microscope system includes; tan 

opitxca'l data recorder. In this case the computer is 

programmed to cause the; object to be imaged at a; 

multiplicity of selected wavelengths in succession, to 

30 store I image or| optical data for each successive i! ! 

wayelengtlk, | janjd ; to ! present on the optical data recorder a 
iaulti-^av4leng|ibhi visual image or, nop broadly, optical 
; data set, free of chromatic aberration based on ; ' i 
superppsecj optical data taken at the respective selected 

35 wavelengths. Preferably, the computer is programmed to 



I ! ' j 



•l ! :! 
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yiewj tljie object at a set of selected wavelengths in 
succession, the set selected to produce a white light 
presentation of the object, i.e. a white light ijnage or 
presentation of fluorescence or luminescence activity of 
. 5 thej objectj. i'.ii ■ ;., \ , 

' . I : j In j preferred embodiments, the invention features a 

"■ I : [ i I s ; 1 I j i; •• • s' ;• , i 1 j • i 1 ! i 

microscope system having an objective lens that is 

diffraction limited and; has a diameter substantially 

greajteij: thjah :lj mm.: 

10 ' ! t! In- anbther: aspect, the invention is in the form of 
a scaroiingj microscope including a driven scanning mirror 
in the ! optical i system, ; and, the detector is an electronic t 
d^tectibr constructed to, receive light from the optical 
system in scanned form and! deliver scanned data to the 

15 computer, j In certain embodiments, the system includes X 
and Y scanners i and the detector comprises a single 
detector constructed to receive light from the scanning 
mirrors or^e j ^ixei |at a time. In other preferred!' ; 
embodiments the detector comprises a linear array of 

20 ; detectors bbristructed to' receive light from a scanning 
mirrprlone line of pixels atj a time. In other 
embodiments, the detector comprises light-sensitive; film. 

; j In! another aspect, the invention features a , 
microscope system Including an illuminating light source 

25 arrangiid tjo I ! ^mit: , light . into jthe optical system, the; 

optica}, syjstem;: being arranged to deliver the light to the 
object, fnlotiher embodiments, a light source separate 
f rom] tljie optical system; illuminates the object. With 
eithjer -j lighting arrangement , it is advantageous to employ 

30 a set of filters iriolunted for selectable insertion in the 

light path from the light source to illuminate the object 

; ! ■ j | ■''■!,: ' '• ! 

at sieliecteid ; wavelengths • ' 

.j ! ' ■ i ■ ! | i r«. . ; ; . ; 

.! The | invent ipn ^Iso features a, set of filters 

selectable insertion in the light path from 
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the object; to the detector to limit the light delivered 

to the detector I to the ! wavelength of the filter; 

In another aspect,; the invention features a 

microiscope system in which the optical system includes a 
5 set| of ' lejn£ ; e^mejvts selected and arranged to define an 

objiectivd lens,;jaj iplurali^y | of the ljansesi in the set , ; i 
; ;$eingi ind|iyidu^liy adjustable along the optical jpath in: : ! 

response to the ComputerLand the computer being so 

constructed, for any selected wavelength, to adjust the 

10 position bf the lenses in the set to render the objective 

. ' i i h : i ' . ' ' : ' 

lens monochromatic for the selected wavelength while 

• ! . J i 1 .- • I ' ] ^ • ' ' . i > \ * i 

maipt^ining.i ^ocus! |pn a selected objective plane In 

^s^siiwhe^ejjll^nS: elements! are employed thitt have; j ; 

; ^herical; aberration, adjustment of the focus when ! 1 ' I 

15 viewixjg ap f ine resolution is effective to overcome 

adverse effects of the aberration. In certain 

embodiments, the; objective lens has a field of view 

greater tji^n 500 microns. ( , , 

»■'•!■■ ' Irf other aspects, j the achromatic, wide field of 

20, view microscope described above is combined with! Ian 

optical scanning element disposed on a flexure-mounted 

armature and. driven by a galvanometer to rotate about an 

axis, las set forth in the j following summary of the novel 

scanning features. ''I 

:! Iri another] ;aspect, the invention features; a; i '• ' 

scanning ^crpscppfe system i|n which one or more scanning , , 

mirrors are: disposed on armatures that are supported by ! 

flexure bearing and air bearing systems. 



25 



Iri general,; in another aspect, the invention 



30 features a scanning system in which an optical scanning , 
element i6 disposed on a flexure-mounted armature and 



driVen by j a ^galvanometer to rotate about an axis!. The 
armature is mounted on cross-flexures in a mannep to 
; prpvidje high 1 angular compliance and radial! rigidity!. The 
35 galvanometer is -of ,;, the moving magnet type having a 
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relationship to 
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^irmaiijent \ nlaghet rbtor secured in driving : 
the jarpature. i 

!; Inl certain embodiments, the optical element; is 
part cjf an optical system of a scanning microscope .j In ! 
5 oth^r embpdimejnts^ ithe armature is elongated an^ the . 
flexures 4 r ^ 1 spaced apart, pairs of crossed flexures, each 

, flexure hsinb ' radially 1 rigid. In other embodiments, the 

• ■ ; r i i >' j l:!"T {•''!;• i i i \ • ; . • ; ; i • r ; . . 

flexures of; each pair pass through and cross the axis of 

rotation, '! : 1; ' 

10 i ; Inj certain embodiments, the armature is balanced 

statically aridj dynamically along its axis of rotation by 

thei icross jfjie^reis; In other embodiments, the armature 

has an! elbngat:ed j structure, extending - continuously between 

. j tijie pairs joJE; 1 f iexures . i ! i • j j S - « . . 

15 In Another aspect, the invention features a 

scanning system in .which a^ flexure-mounted armature: is 

driven* by a galvanometer to rotate about an axis. The 

armature is imounted on cross-flexures in a manner to 

prOvjidfe h%h:;apjigul ! ar compliance and radial rigidity. The 

galvanitpmetet::is of :, ithe ! moving magnet; type having: a \ 

! permanent pagriet rotor s^ecurisd in driving relationship tb: 

the prmature, the armature being elongated. The. flexures 

are spaced! apart pairs of crossed flexures, each- flexure 

being jradially i rigid and passing through and crossing the 

25 axis; of rotation,- 

i In ! dribiiher ; aspect, the invention features a 

:! scanning sjystem, in which an optical scanning element is • 

i j j 1 1 ■•; 5 - r h I" • i; " 1,1 1 ' 1 ' 1 i ' • : - ! r : ! ' ' . ; : 

disposed on; a flexure-mounted armature and driven by a 

galvanometer ,to; rotate about! an axis. The. armature is 
30 mounted on! cross-flexures in a manner to provide high 

angular compliance and radial rigidity. The galvanometer 
: is of £he moving magnet type having a permanent magneti 

rotor secujr^d! |in^ driving relationship to the armature,, , 

jt^'e ;^rT(da tuk- $j being ..elongated; The f lexureis include! 
35 spaced ;apart, pairs of crossed flexures, each flexure 
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biaing! ra^i^lly, iitfid.! ; jThfe flexures' of each paibj . 
through a cavity within the; armature and cross the' axis 
of rotation. The .armature has an elongated structure 
extending continuously befcwieen the pairs of flexures and 
is balanced statically and dynamically along its axis of 
rotation jby tAe , cpross flexures. j, ; j i 

:j In |<^bi^t»|lnj], endbjocjlipBftei^te-, the totorjof the; S \. [ 

^lyariom^tfar ; is ; polarized: into two semi-cylindribaJL poles ; 
oh bpposite sides of the axis, and the galvanometer 
inches coils disposed on bpposite sides of the, magnet, 
separated by a plane of symmetry that is in essential 
alignment; witlji the; poles of the magnet at the center of 
its! range! <p£ Rotation, whereby when a current flows ! . 
through "tbeji^^lMsljlbhe jvagfie^ic field produced applies a « 
15| itorgue to; thie ^agnet to! move it a controlled diritahce. 

i j Iii certain embpdimen|ts, a sensor rotor is secured 

to 

end ; of ; the armature opposite from the 
galvanometer;, jtq determine the angular position of .the , 
armature tor comparison to the command input to the 
20 -sytelienj. jExi i p^heri embodiments, an optical , element on the 
armature 14, ;!jpa}irt \\ of an optical system of a scanning ' 
microscope. In still other ; embodiments, the sensor rotor 
is ijisejd to control ; the galvanometer in accordance with 
the : cqmmahd ; input : to the system. 
25 ; ! | Brief pescrintio n of the Drawings i • , 

Fiigi.i r ;< ;lj:isi , a diagrammatic view an illustrative j 
embodiment 'of i the microscope system; 1 
, | ; :; Fijgs;; 2a, arid; 2b are diagrammatic views of 
optical arrangements of; embodiments of the invention; 
30 i i Figs., 3 ! and! 4 are a block diagram and a 

diagrapaa^ic view, respectively, of another embodiment of 
the microscbpej system; ! ' ! 

i| Fijjsji: 5 and; 6 are a block diagram and a , ' i 
di^grajimatiip;; view, 1 llresp^ctiively, of anothejr embodiment of 
35 ! tjie ;mifcro4cbp$; system; ! ! \ j \ . \ 
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;optical path 28 upon a detector 
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7 and, 8 are a block diagram and a 

■ 1 i * 'r ' ; : I I •;' ! ; • ( 

view, respectively, of another embodiment of 

the microscope system; and 1 

| i Fig.; 9 is a diagrammatic, exploded view of a 

flexure-mounted scanner, , while Fig. 10 is a view of a 

scanned: armature.: i 

: ; j Depcrfofoon of the Prefqryeq EfrfrocUmentP ; i 

: i :| Fi&.j fjLf ; illustrate | certain broad aspects j of j the , 

; invert-ion j |lM|cros9ope| system 8 has an optical si^st^ni 10 
that comprises a series of lenses, two shown for example 
as lenses 22 and 24, and a stage elevator 20. Upon the , 
elevatpr 20 and in front of the lenses 22 and 24 lies a 
stage 18, on which an object 12 is placed. The lenses 22 
and 24 are included in the objective lens 26 of the; ' 
mipr|os£opej 8;^ ,! Ijight f torn 1 ithje object ,12 is f ocusjad by , the 

• objective jleni. 26 along 
14. | j i '■' ; , 

I I 1 ■ ; ■ . 

; i Thfe optical! system; 10 is monochromatic, made so by 
choice, of a relatively inexpensive monochromatic lens 
assembly tjhat preferably has a wide field of view. In 
this! embodik!erit>!r ; ia.hf liter, wheel 30 is provided having a 
number; of jf liters j that i- are selectable to restrict the ! 

! : !' V :! i i J " \r ■ 1 i" i ! ! : : ■ ■ " : ■ » ■ 1 ! ' • ;. . 

light reaching the detector 14 to the selected wavelength 

that! is in focus upon the detector 14. Thus, although 

the ;ob]jectj 12 is illuminated with white light, the 

detectibr 14; receives only a monochromatic portion of the 

imag^.- j ['■.. i,;..;^ j, ; : . 

:J Dejzetsjbqr Ijiijj, is jsliqWn jgenerically. , For certain 
: e^pdiimentislliti'rtay ^, : be £bmppsted of a large :two-dijoojensional 
aggregate of sensors such as- a CCD camera or a focal 
plain'e array and capture the entire field of view. In 
othe;r cases-, : the detector may be a linear array of light 
sensors and ; the f ield of view may be scanned about bne 
axis by a Isfcknhfer: i (not shown) , to enable capture! of the 
entire i field: of view. ; In other arrangements, the 
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detector ipjy comprise either a relatively small two,- i 
dimensional; iPrj one-dimensional array ! of sensors pombined 
I wji^hi t;wo-di)iehis;ion^l spanning. \\ .\ 

; | In important cases! of high resolution/ the 
detejctpr i;s a single point light sensor, such as a single 
phot;on« multiplier tube, and the field of view is scanned 
in j two!; dimensions to enable the capture of the entire 
field of v!i(&J'. f- ! ' j ' . 

. ! j Two^di^|ei>sipnal scanning (see; Fig. ;4) permits 
! f6cu|sihg a! dif fraction ! limited lens with a very sinail : 
sspptj sjze,; <>n the order; of . a j half micron. The scanning 
proceeds pixel; by pixel : over! the object to create a, wide 
fielja of View. ; Ta create the appropriate diffraction 
limited effect/ the light beam entering the objective 
lensjh^s a; diaitetep, on the o^rder of 15 to 30 mm. : To 
obtafn-|a sp^Il jspot; size; a large light beam is required; 
' ' ! i Frbm; tlie : foregoing, : it can be seen that many 
different jsensor arrangements are possible and have 
advantageous applications in particular circumstances. 
In ^LtSiibroadeBt aspects, the invention is not limited to 

l . . i t . : r • 

electronic! detection. Alternatively, the detectpr ; 
comptisies a 'camera; ;whiqh j can j receive a complete 
m^nochromatijc! jiimage, of Jthe j object 12 for exposure ;to a 
light-sensitive substance such as a photosensitive film. 

; | |We ;turn : now; to the operation of the embodiment of 
Fig. ji.i Alp the! selection of an operator or programmed 
command:, a j cpmpiut^r ; 16 determines wavelength k x to be 
detected b^ !the| dieltector 14 at a particular time.! 

, • . ! -t i I j.' "!,'.' !i ; I . j t . 

Suitable ad justmerit i commands lare delivered ito the f optical 

• - ! i '; I U'' [ ! ! ? ! : : '! ' m I i 1 ' ; . , !| i • ■ . • 

syjstem io. i Responsive to those ; commands , the relative ; ] 

spacing; of ; the -elements of the optical system 10 are 
adjusted to their A x posit ipn! so that the system is 
monochromatic j at that selected wavelength and is f ocused 
so that; an ; image of the object 12 at that wavelength 
reaches | detiep^or ;14 The computer also commands stage 18 
' '/* \ j :':!!. t :.'; ! ; ! 1 1 I : \\ ; ■ 1 . 
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to locate jo^je<?t 12 to the axial position associated with 
X a and ithej f $l$er [ wheel 30 to move the X x filter -into 1 
alignment jwi^h'| t Uie<bpticial! axis so that on'ly iigh-t of 
wavelength i x reaches the detector. Later, when j imaging ' 
5 at wavelength X 2 or. A 3 , respective monochromatic filters 
in the! filter wheel 30 are; placed in front of the opening 
32 of -the Jdetectpr 14 for selecting the respectiye ] 
wavelength] of light to be focused by the optical, system 

:•;!: i . i j ;;• :. .,'!' i • ' ' ' i ! 

10 i \ Alternatively^* filters may be placed jin front of the 
10 jSpurbejiof jwhitej light j(npt| shown) . ! '' J j 'j 

; The image data of wavelength X x received by the 
detebtor 14; is sent' to the memory 17 of the computer 16 
for storage and processing;. The image data may be stored 
or ;cbmbineid:;in! a Memory buffer. Subseguently, whenj it is 
15 desireqi tol detect 1 an image at another wavelength! X 2 , the 
computer adjusts, stage 18 and the lens system to; the X 2 
position shown diagrammatically in dashed lines, ; and 
brings - filter X 2 ir fto alignment with the optical axis, 
and so: on.j A white light image can thus be obtained by 
20 imaging at thr^e , selected wavelengths (e.g. red, green 
and blue)/ and causing the computer 16 to superpose those 
images;! via thej color control system of the video; monitor 
l£; : I This jikvsim^ly done; since conventional color; videio 
mbnitors are based upon superposed images of three 
25 colors j and thus are readilyj adapted to receive the image 
data| f torn ^computer storage;. By so arranging the ; : 
micrpspope to receive monochromatic light for eaph image,; 
the effectjs! of j chromatic aberration by the relatively^ 
inexpensive! wicle \ field f of view objective lens 26; are 
30 avoiided. iThusi 'a white : slight image is reconstructed 

without regard to chromatic aberration by the relatively 
inexpensive wide field of view objective lens. Likewise, 
microscopes of | the <| invention can be employed to form 
monochiromatic images or data sets over a wide wavelength 
bahdi. or domposite images or data sets can be formed at 

: | : i 1 

I i ! V, ! : . ' . 
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various combined wavelengths as is commonly required for 
fluorescence or luminescence microscopy* 

;j Thej Elements of the pptical system 10 ar^ 
adjustable j along; the optical path 28- to permit focusing 
df the| image at the selected wavelength. In particular^ 
the j dijstapces between the st|age , 18 and each of the lenses 
22 and 24 ! are set '^o permit the monochromatic portion of 
the ;iipage; of : tlhe , object 12 to be focused upon the : 
detector f4l jln this example, the lenses 22 and 24 are 
separated j from. the|; platform 120, and thus from each pther,, 
^idi^tan^;^ ;and D 3 ; ; respectively^ which are sfelectpdl,; 
to cause focusing of monochrjomatic light of wavelength k x 
in the! optical System lb. i When the image at wavelength 
X x has; be£n detected, the lenses 22 and 24 are then moved 
to ; didtancpes and D 4 to focus monochromatic light of 
wa^ejlepgt^ ^ j.initiKe optical system 10, and so on. j Thb 
leases! 22 |a^d| 24;| aire moyed| on conventional threads or 
j dfim^ oi: ori a; linear stage (nbt shown) within the!* •] ! 
microscope objective 26, drijven by appropriately selected 
2d stepped motors: or actuatorp ;(not shown) controlled by the 
computer, j Ver^ fine movement of the optical elements, on 
the pr'der of tens of microns, may be appropriate and can 
be rteadilyj r£a£i£M^. Adyant^ge is ta^en here of j existing 
el<pctr;p-mejcj^ that is conventions 11^ usecT- 

j tot making lens I systems automatically adjustable i !' 
Furt^ie:y, the stage 18 itself j may be moved by elevator 20 

to assist !in focusing the monochromatic light. 

i ' j . :■ j ' '' : -\ ' ' ' 

J JAslsJiowp in the examples of Figs. 2, 2a and 2b, 
there are piany I important embodiments of the invention, 
which in ejacft case: can ; employ lenses of wide field of 
viewj tq thp {extent desired! For example, in a { >\ 
conventional type of microscope (Fig. 2) , the object 12 
is illuminated by light source 36 at a position spaced 
from;ttxe optical axis. The appropriately adjusted 
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objective liens 26 then refocuses the monochromatic image 
of the j object on an image plane 38 beyond the filter 30. 

; A scanning ; microscope of the conventional type 
(Figj. ?a) iipiiicpnis't^ucted by focusing \ the light from! an 

! 5 extelrnial sburce. 36 through! a| condenser lenis 40 onto a 
piirit on the) objjfect 12 i ; ! The; point on the object 12 is 
thenj r$f ocuged ; by the appropriately adjusted objective 
lens| 26 through jthej wavelength selective f ilter 30 upon a 
point jin the detector 14. In this case, the stage 18 is 

10 moved in tjhe: Y | plane, as shown, so that the objective 
lens; can floods'! on 'consecutive points of the object. 1 In 
sijich a jscainnihgi microscpbpei, the process of illuminating a 
point on the object and ; refocusing an image of the object 

: . ! "! i !■..'!.', 1( . 1 | 

at a point in the detector; 14 is repeated to cover an 
15 area} of th^e surf ace of the; object 12, and then the 

individual! monpchromatic point images are pieced' together 
on jthe :j screen 19:ibj£ the computer 16 for viewing either at 
the; selected wavelength orj combined with images or data 
:S0ts! oi otfrer wavelengths. Thus, a scanning microscope 
can create: a wide field of 1 view upon storing a sufficient 
number ; of individual point j images or data sets in the 
computer miemory. 

,'■:!(! i !:■■': i *:«.■ . I ' \ 

In ; a confocal microscope, an objective lens and a 

• • : L i ., i i' .' i' i : • • | . i' 

collector lensjjjbpth focpus on, the same h image plane- For 
example, in confocal scanning microscope (Fig. 2b) , the t 
objective lens 26 focuses the image of a point on the 
object jl2 jat! the; image plane! 38., The point image on the 
image plane 38 is then refpcused by a collector lens 42 
through the wavelength selective filter 30 upon a point 
in the detjecitoij* Ify, 

■! As j has thus been suggested, various types of 
.microscopes^ whether conventional or confocal, whether 
based on reflection or transmission of light, whether 
scannirig oir imaging the ! entire object 12, etc., 
35 advantageously 'employ broad aspects of the invention. 

■ : .■ ; ! i 1 ; ;/ : '! -V": ' i ' s ■ 
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.! Figs. ,3 and 4 show a j wide field of view, point 
scanning ipicroscbpe according to another embodiment of 
the i invention . I 

■ ■• ■ : ii b ; ;: ! • . 1 ! 

; Liight source 52 is a mercury lamp which emits 

light j3onta:iping a, large number of different wavelengths 
atj ' dif ter^njt ■ intensities. | The lights emitted from the 
light source 52 ! is focused, into a beam by a collimator 
54 ,, jwhjich is adjusted automatically or manually. 

; Thie ; collim^ted achromatic light is f irst passed 
through a : filter ion a neutral density filter wheel 54 to 
cpiitroi tliejsinjt^sjity of the light entering the optical 
systjemL i !'<•! i'k ;-.;!• , I i ' i : | . \ \ i • : 

j ji The l^tjt^nuated flight passes through a filler: oh a 
broad band pass filter wheel; 58, which limits the 
tran|smitted light £0 the chosen wavelength, before 
reaching aj dicjir'oic beam splitter 60. The dichroic beam 
splittier 6:0 |;is j partially transmissive and partially ! 
reflbctivei J permitting a portion of the light to! pass : 
through it' to the optical elements of the scanning 



, i The optical elements sof the system 50 include a 
relay lensj 62 and an objective lens 64. The optical 
elements focus 'both; the light which illuminates the 
sample; 56 'and- the light to be collected as an image along 
the fame op1pi;cal;:path. , The objective^ lens 54 is ; adjusted 
according to, the principles that have been ! discussed 
•above using a motor 66. ! This positions the optical 
elem^ntis of the objective 64 [for. color focus correction, 
i.e.: for chromatic .aberration, at the chosen wavelength 
of lig^t. : The [motor 66 rotates a portion of the | ■ 1 
objective ^i whictij sets the separation of the optical ■ 
elements wjltihin theji objjective piece on the \ basis of : 



struct ions 1 



from j computer 68 . 



The objective lens 64; focuses light onto the 
locatiojn of interest on the sample 56 and collects 



iiv-i 



9/21/07,: EAST Version: 2.1.0.14 



j Best Availably Copy 



WO 96/37797 



?CT/US96/07754 i 



'20 



25 



30 



reflected light! and directs it to the detector. I The 
relay Jens; system 62 may also be used for fine adjustment 
and to accommodate variation in the thickness of the 
sample ( 56, whiph may vary as much as 0.5 mm. To j ensure 
5 that; the fpcal | plane of the objective lens 64 is at the 
proper idepjth> ! the light beam] is adjusted by moving the 
sample ;; 56 ixes^ect jto toe objective lefts 64 (for 

gross movements j or by adjusting the position of the 
lenses: ! in the; relay 62 . The | computer 68 instructs the 
10 operation pf a imotorized driver (not shown) to adjust the 
lenses* of jthe. relay; 62. ' ! 1 

ij Th^ js t capiii!ng mechanism, as seen in Fig. 4j, is 
( configured! as. a paddle j scanner. The -light! path i? 

|s;hi|fte^ frpmj pixel ito pike! in the X and Y directions on;i ; 
15 the sample; by rotating separate mirrors 70 and 72, each 
of which i^ ; driven 1 by a respective limited rotation motor 
controlled! by : the computer 68. In this embodiment, the 
sample ;56 rests! on; a stage 74. 

As jeachj pixel on the sample 56 is scanned;, the ' 
ligjhi focused 1 as j [the image j is reflected out of the j | 
iricoiiing optical beam path by the dichroic- beam splitter 1 : 
60.;. jThje imaged light passes j though a filter on a narrow 
band pass filter wheel 74 that selects the monochromatic 
wavelength' of : light to be detected. , 

In [certain selected instances, when incoming light 
of the app^dpriiate: wavelength reaches the sample! 56; it 
stimulates! emission of light at a different wavelength 
which it is desired to detect as in fluorescence and 
luminescence studies. In such instances, the narrow band 
pass if iltet 74 lis selected to pass light at the 
fluorescent or ^luminescent wavelength, which differs from 
the | wavelength iselected by the broad band pass filter 58. 
; ! !ln Ithisleirtocjdiment;, ap eyepiece lens 76 focuses , 

'■••!' i « ' j I.: 1 1 ii'." 1 i ! ! ! i ' *'' i ! [ j 

thje; monbchromatic: imaged i light onto a point at the plane \ , , 

* [ ■ ' . ' 

of a ; pinhole 78, the eyepiece 76 being adjustable 
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j manually or jjijindeir computer; control for fine focusling of j 
the small spot. A small pinhole 78 provides the best 
signal! to ! noise ratio for a detected signal, since 
ambient li[ght above and below the focal plane does not 
pass through the narrow pinhole 78. Pinhole 78 klsb 
permit s s4paratej imaging of objects at different! depths 
in ;the sample :56> isuch < as: pvjerlapping chromosomes in a i ■ 
i cpilj s*unpieL?; ! | ! j , : [;i ;( I : ,, 

; ! If : a larger depth of j field of the collected image 
is desired, a larger pinhole is used or none is used, 
with; correisponding jtrade-oiff is of signal to noise ratio. 

A ^hoto-multiplier tube 80 or other optical sensor 
plaiced i behih4 the' pinhole 78 detects the focused! light. 
The el.ectrji^al j, signal output; of the photo-inultiplief tube 
■ is ! digitized- and stored In computer 68 for later recall : 
to cpn^truct the raster ; scanned image. It is realized 
that: the ^hotormultiplier has different gain ratios at 
diffierjent wavelengths that may affect the result. The 

computer stores predetermined, stored gain ratio 

■■■■ , ! p i"- 1 i'li 

and !, employs; this information to calibrate 

data at the selected wavelength of light 

before -reconstructing the achromatic image from the 

monochromatic data collected! by the scanning microscope 

of .Figs. 3] and 4 . ;il j I. 

! Referring now to Figs. 5 and 6, a wide field of 

yiey- linear j array j scanning microscope, according to the; 

invention \ 

! images;; j 



30 



35 



20 information \ j 
the repordjed 



Ishoim,!' adapted to produce white light 



1 t 



\ Light from a whi;te li|ght source 92 is focused into 
a beam! by a collimator and : spacial filter 94 before! 
entering an optical: system 90. The white light is 
reflected from a turn mirror 96 under the stage to : 
illuminate! ah area 1 98 of the sample 56 from below: The 
sample : is placed <oh; an XrYfZ I stage 100 which has a robot 
interface with computer 68. iThe stage 100 is moved in 
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thircie ; directions;/ I in tjhe Z direction ! to assist in ! ■ \ 
f pjeusing fhk • isttfgej'of -sample 56 and in the X and Y i 
directions for scanning; the jsample. 

: I ;| As; in "the embodiment , of Figs. 3 and 4, a! motor 66 
controlled by the computer 68 adjusts objective lens 64 
for primary; fopusing of light at the selected wavelength, 
either ; red, j'feljifci for green.- Although it is ! ; . ' 

monochromatically focupjBd,j the objective lens 64,; 1 
transmits |ai focused white li&ht image of the sample| i 
thrpugh tl^ei optical system 9i0. The white light image is 
then reflected by a scanning mirror 102, which scans the 
sample! and transmits the focused image along the, ■ . 
remainder |of the optical path for detection. 

■ i Th^ imoppch^rpmatically focused* image is passed 

15 through onje| ; pf - the red; ; bi^e! or green filters of ! 'a filter 

1 J M'i .i I ! ! ' » I'?!- - «.|- i ! j * ' j . ■ " ■ : : 1 i . i ■'.!,. 

Wheel 104,; which is rotatable to select the appropriate 

monochromatic f ilteir for the' wavelength selected to be 

focused by the objective 64. A detector lens 106 focuses 

the monochrqmatically imaged light onto a focal plane 

inside a lji^ear CCD array detector 108. The linear array, 

. i ! ; " : I I *\ - ,!> . ! ; 1 "' ! , [ ■ . • : ' ! 

collects ai series: of pixels of monochromatic data at a , 
it^mei. ^Typically; such jar ray! may have from 60; toi 8, poo 
pixels. ; 

j ;| The signal collected ;by the linear CCD array is 
subjected jto signal processing 110 and proceeds to data 
processing; 112 j The detection process is repeated for 
the| two retaining monochromatic filters on the filter • 



20 



25 



wheel 1104 jso; that the qompyter may reconstruct a, white 
lliight imagle Ifromi the data for the three stored \\ \ ! 
30 monochromatic images. 

Figs ; . 7 and . 8 show ,a wide field of view scanning 
microscope' employing two dimensional array detection 
according to another embodiment of the invention; 

; j ;| Whitia;;; ^jigfiit; Jjontpxis^ tlxe optica^ system 120; 'frpm a 
35 soiirpe \\ (not jphbwh) i above 1 the \ sample 56. Oh the basis of 1 
I : 1 : ; ! \ : \} \ r \> : ^\ ' ; : ' ; ' jl j ; 



i! 



I' 
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.30 



instructions from , the computer 68, a, motor 66 adjusts ; the 
objective | l;ehs| 64 to focus a white light image of a wide 
airfe^ of tl|ie!i:8fUHple,| 56 jwith respect to only one ji -I 
wavelength. The focused li^ht is limited to the chosen 
wavdlekgth by passing the white light image through the 
selected sector of a red-green-blue filter wheel 124. A 
detector lens 106 .focuses the monochromatic imaged light 
onto ai f o^aji piaine inside a two-dimensional array 

. ' ; -i j ' ■:' i.r !'!.!. > , *■ 

detector 122^ 1 : !,. i I 

•']'■ i I !:.; j '"' ' ; 1 ; ' i ' ; \ i 

r> i The detector 122! contains a two-diiensional |CCD ; 

arr^y ;pt the focal, plane of jthe detector lens 106, which 

detects ait image of a planar! area of the sample 56. , In 

this embodiment, the signals collected by the twp> , 

dimensionajljiartay. are processed in the detector 122 and 

is serit! to tfcjej coftpu^er 68 for storage and data processing 

112 ;soith^t| ; a white light image can be reconstructed from 

stored i data for the red, green and blue monochromatic 

. images; ; ' v \ ■ •> ! 

\ In | other embodiments, the detector comprises a 

20 limitejd dimension two-dimensional array of detectors, 

such; as a typ-dimensional miniature CCD array, to. collect 

image data! from a small region of the sample. This 

• m^niatijre ^ray; is raster scanned across the sample \ j,, 

Thus;, the image can be selected and collected by the 

miniature array with a high level of detail, without 

raster ; scanning ev<ery point on the sample. Software for 

utilizing miniatuire: CCD array image data is known iii the 

television! indiistiry and can readily be adapted for this 

micrbscopei scanning: function! , 

' • : ' ! : j I H'- "i ! 'f ':' ' '■ 1 : i : ; 1 , >' ; I ' 1 

;i * | In i still; other embodiments, a turret or slide 

carrying a, number of monochromatic objective lenses can 

be brought; into selected position for each selected 

wavelength! to; fjorm the monochromatic images or opjtical 

data sets . j j 
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j Fo* ;higjx repeatability and calibration, tlhe | 
micrbscopd fiystepf is constiructed to be extremely' stable, f 
particularly high spee& scanning 

! mirrors of| embodiments i involving scanning.; Referring t6' 
Figs. 9 and 10, it is found that a flexure mounted 
armature 136 driven by a galvanometer 150 achieves 
sufficient! repeatability and stability in driving, the 
high speed; X-axis scanning mirror, so that successive 
monochromatic Images can; be superposed to produce useful 
microscope! images. '[ '] ! : " • ! !; j 

' 1 ; An ; armature 13 6 1 comprising the rotor is Extremely 
rigid aind is balanced statically and dynamically , along 
its axis of rotation by cross flexures 138. Each cross 
flexure is; securely held in place by a flexure support 
139; lpoUnted jtp ia iS^able surface. The, flexures pass, 
through anji j qros^ the armature 136 albng its axis of 
jrcjtation which creates jaj very rigid structure andj permits 
large rotational movement of ; the armature about that 
axis! ;!The; flexures have higli angular compliance while 
maintaining .high radial rigidity, to provide a high! 
radial 1 mode jresjonant frequency. I ' j 

iThe! armature 136 is rotated by the movement of a ! 
cylindrical magnet 130 lattached to one end 1 of the, 
atfmature. i Thfe! magnet 130 is polarized intb two : 1 
essentially semiTcylindrical jpoles (N and S) on opposite 
sides o;f its axis. The; magnet 130 is disposed inside the 
shell 134 of p driver 135. Coils 132 are disposed on 
opposite sides of the magnet, separated by a plane of 



T j 
1 1 



symmetry that; is in/ essential alignment with the ;poies of 
the ; Magnet ! 1 30 |at' the center 'of its range of motifon. 

; : p j ;! ! |-. : « « ! ! '. ■ • , ! i • .! : > k j » 

When a current' flows through ; the coils 132, the magnetic 

field produced applies a torque to the magnet 130 to move 

it to a: contrplled position, which rotates the attached 

armature 136 about its axis. Reference is made to U.S. 

, ■: ! ■: i i;> 
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Patent Noi ;5>2;25,?70 for the details of such moving 
magnet galvanometers. 

; , ;; Ant output! jSha^t; 142 , connects to the X-axis 
miirror: 144 and! a;. "butterfliy"! sensor rotor ! 140 ark ■! 

; j- !■ :! : : ! 1 | : ! 7 i : j • ■ ! , • ■ » 1 Hi'', 
securely attached to the other end of the armature 136. 

The jpljates of the sensor rotpr 140 are suspended, between 

the stationary; capacitive plates of a position sensor 

(not shown) j <;soj that the capacitance varies between the 

capacitive plates as the armature rotates, such as in a 

variable qapicltarice trainsdufcer . The sensor rotor 140, 

bping jdisgois^ 6ri the end, jof j the armature opposite from \ 

the drive,' is thermally ^isolated from the driver 135 to 

minimize the effects of 1 temperature on transducer 

measurements ; The ; capacitance signals produced between 

the plates of the position sensor are amplified and 1 

: processed liritoj a: |sum and difference signal. The* i i 

difference! signal dete^minpsi the angular pbsitio^ of thei 

I a^ajture l|36; an(i ! is compared: to the transducer ' s j command, . , 

input. Thei sum signal is used as a reference to 

20 compensate for the temperature dependence of som^ of the 

parameters of the rotor sy s tern. 

Miirror drivers of this description are preferably 

employed fir dip ithje! X and Y scanning stages of X-Y | | 1 

• sqanpeirs. j Jt ! is; | presently | Preferred ;to employ flexure! ' 

25 mounted mdvirig magnet scanners that are available' from ' 

General Scanning Incorporated, models FM2 and FM3. In 

certain other instances, other high accuracy bearing 

systemp, such as the known air bearing systems, may, 

suppprt arpatuipe^j, of scanners that are utilized. '. 

30 ; ; * I Th4 micirbscopesi of, the present invention achieve a 

high; resolution with respect to the size of the field of 

viewL Fori example, for single point detection using the 

ras ter scanning technique, a -0. 5 micron spot size is 

focused ovj*r a ;5; mmj diameter field of view. For a linear 

35 array detector J a i micron spot size is focused qvet an 8 
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millimeter square field of j view. For a full imaging 
device, the; resolution achieved is a 2 micron spot size 
focused oyep aj30; field of view. i i i : 

;| The liiaagesl or optical data sets may be recorded 

5 : a^d presented by ; ai>y of a wide variety of ;opticaai djata 
recorders, including video; monitors, printers, floppy 
discs for jc6mputerized : presentation and film recorders. , 

• ; Th^ specific parameters and choice of equipment 
for priacti-c^l Microscopes can be selected appropriate to 

id the particmiarj conditions desired to be achieved;* These : 
anc^l other |f eatliires -and: advantages of ;the invention will 
biiuiiderstodd ! f torn the 1 drawings and the following claims; i 

. ' ;: i ;! ! \ : ■ ' • 
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i 1; An achromatic,: wide field of view microscope 
system comprising: 

i aiji optica i system, a detector positioned! to! record- 
an image lof vaijt; object from said optical system and 'a 1 ■,"'! I 

.*■ : : •! ! i.' WW I, ' !i I ' I . • i • -V f ! • 1 



s computer, 



! 



,i said optical system characterized in being j 

monochromatic, » 

;; said optical systejn being adjustable in response 
to said computer; to focus said object at a wavelength 
10 that xs selectable' from a range of wavelengths, ■ 

;! arid; is^id; microsqope system, for any wavelength so 
selected, j cphstracted ito limit to said wavelength the 
: light delivered to! said! detector. 



15 



2. j The microscope! system of claim 1 wherein said 
detector is an photo-electric detector for delivering 
optical dqrtjjt tip ; said computer, and said microscope system 
includes $ 'd^t-a recorder, sajid computer being programmed 

, to cause thfi; p^jecifc to; be | imaged at a multiplicity pf 
selected wavelengths in succession, to store optical data 
20 for jeabh successive wavelength, and to present on said 
optical d^ta ; rjecorder a mUlti-wavelength optical data set 
free dif chromatic aberration based on superposed! optical 
data t^keri iat , the j respective selected wavelengths. ! 

p I;: •! ! . ^ . ! |: : : ' 

3. ; iThej microscope system of claim 2 wherjeiii said 
25 computer is programmed to viiew the object at a set of 

sel^ct^d wavelengths in succession, the set selected to 

produce a iwhite light presentation of said object. 

■ . : i |i j !: ' M ; ^ . ' -i' ! 

| 4.| ;TJie| microscope system of claim l having !an 
objective jl£ns Lthait is | dif fraction limited; and has a 
30 diameter Substantially 1 greater than i mm. 
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5.: : The microscope ! system of claim 1, 2, 3 or 4 in 

,. j ' • ' ■ ' • - i ' ■ 1 1, - » - ■ : j , . 

the form of a scanning microscope, including a driven 
scanning mirror in said optical system, said detector 
facing 'an Electronic detector constructed to receive light 

5 froia said j optical' ! system in scanned form and deliver 
scanned d^tato said computer. 

■ ; j i - i ! « j " j ■ ; . ; > 



: j 6.1 The microscope system of claim 5 including X 
and Y driven scanning mirrprs and wherein said detector 
comprises 'a; single detector constructed to receiye light 
10 from said [scanning .mirrors one pixel at a time. 



I'"; : 



7il IThe 1 Microscope system of claim ! 5 wherein said 
detector comprises a linear jarray of detectors 
constructed > to receive 1 light; from a scanning mirror one 
line; of pixels! at a time. ! 



.15; 



8. | |The microscope system of claim 5 wherein said 



mirror , is [disposed l!on an 
:b$arin$ system! 



i 



armature supported by a. flexure 

. ; i ■ * " : - | i ! ' ; 

I ; , » 1 

■ I 



9.: The microscope system of claim 5 wherein said 
mirrpris (disposed on an armature supported by an air 



20 bearing system. 



10 i 



i i 



s ■ i 



The |midros|c6pe system of claiip 1 wherein said 



ditectbr cotiip^is fesa light-sensitive film. 

• ■= i i •!:•.:. 11 : < ' \ • ■ • 

!' 11 i : The microscope system of claim 1, 2, 3 or 4 
including |ah lilluminating light source arranged to emit 
25 light into! said optical system and said optical system 
arranged t^oj deliver^ the light to said object. 
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li.- 1 The microscope system of claim 11 including a 
set i of filters mounted for selectable insertion in the 
light path ; from said light source to illuminate said 
object at a selected wavelength. 



! | ;; isj.j |;i The microscope system of claim 1, 2 , . 3 ! or 4 
including! a light' source Separate from said optical ! 



System for illuminating 1 said object. 

•-!:! ! ; , ' : . ;. is ■ ! ; j : 

14. The microscope system of claim 13 including a 

set; of filters mounted for selectable insertion jin jthe 

10 light path jfrqm said light source to . illuminate .said ■ 

ob j ect at j a ; fe^jlected wave length . 



i i 



15., The microscope system of claim 1, 2, 3 or 4 
including- a set of filters mounted for selectable 
insertion| in: the light path from said object to said 
is detector ^o limit the light delivered to said detector to 
the wavelength of | said filter. i i 

i 1 4'i 1 ' : f • • 1 ; : ' 

id.;: The microscope system of claim 1, 2; ! 3 'or- 4.. : 
wherein said optical system includes a set of lens 

• i: i 'i <•;',.;„ : i ■ i . . 

elements selected and arranged to define an objective 

20 lens, a plurality of said lenses in said set being 

',•■'.(' ; ;■!' ' i ■:. ' [ j ' i 

individually adjustable along the optical path in 

response toj said computer, said computer constructed, for 

any selected : wavelength,; to 'adjust the position of the 

lenses in said set to render said objective lens 

25 monqchromatic for said delected wavelength while 

maintaining fopus 'on a selected objective plane. 
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17. 



•The! microscope system of claim 11 wherein 
s ! aid sjet 6f lens elements has spherical aberration,' 
adjiptpent of the focus; when viewing at fine resolution 
being 'effective } to overcome .adverse effects of such 
aberration, ; : , 



■i 18j. 1 i *iike ^microscope system of claijn 16 wherein 

sai^ objective! lens has a field of view greater than 500 

; M :; j ! ;; i ; ■ i . ■ • ; • ' ■ . : ;■ | . ■ • ;> 

microns. i 



V 19!. The microscope of claim 1 including a 
10 multiple waVeibrigth light source characterized in that it 
: produces different; intensities at different wavelengths ; 
of light selectable by said microscope, and including a i 
| neutral density: filteri system constructed to rec^ice the jl 
intensity difference in illumination at said selectable 
15 wavelengths. 



20, i The microscope of claim 1 wherein said 
detetctpr isj a iphoto-eljectric detector characterized in 
that it has! : different gain characteristics at different' 
: w&veHengttis' of light selectable by said microscope and 
20 including j a gain compensation system for adjusting the 
value of detected signals in accordance with said gain 
characteristics to reduce variation in images at ( , 
different j selected wavelengths attributable to said gain 
character ^syic&J.'. | is i,j , j ■» , j. * 
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;J 21i. j ';;.An; achromatic, wide field of view scanning 

microscope is^st^, ; comprising: ! 

'] an| optical system, a; detector positioned to record 

opt^cap. information from said optical system and; a 

5 comjttitier, i : .'.'!; : • 

j! said optical system characterized in being ; 

. monochromatic , j . . , , 

:; sajid i opticall system being adjustable in response, 

; tpi sjaid cbmp^er to focus 'said object at a! wavelength 

10 that: is selectable from ja range of wavelengths, 

i J and said microscope system, for any wavelength 

selected, Iconstructed to limit to said selected 

wavelelhgth the light delivered to said detector, 1 

; : :j saidideitector being an electronic detectojr for* 

15 delivering! optical ;!dat a jtdj skid computer, | 

I • l ! i • an<k :said microscopic ! system including a data 

recorder, '. , ; ; ' 

! | said 1 computer being programmed to enable said 

system; to view j the object at a multiplicity of 

20 wavelengths; ini succession, to store optical data for each 

successive! ^veleh^th, and to present on said data ! 

t< recorder a; mult iff wave length data set,- comprising * , 

siiperpbsed; 6ptical data at the respective wavelengths ; 

j , said microscope, system including X and Y scanning 

25 mirrors ini said optical system, and said system including 

a set of filters mounted for selectable insertion in the 

light pathj fjrom said object to said detector to limit the 



light delivered to 
said | filter- 1 : ! ' : 



said detector to the waye length of 
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22* j i Thie microscope system of 5 claim 1 or ?1 . 
further cojmp^isipig; jan opticajL scanning element dispbse|d \ 
! .oijilai f lexujr^^mbunted armature and driven bjy a ji | 
galvanometer to rotate about; an axis, wherein said 
5 armature is mounted on cross-flexures in a manner to 
provide high angular compliance and radial rigidity and 
said galvanometer is of the moving magnet type having a 
: permanent b^gn^tilrjot or secured in driving relationship to 
said armatiuxre.v. :i| ■ j;; , ! | •!. j 

■:■ ■■! ;»! ■! i j ! ! : ; : i r i : '-"V ; 1 : ' : 

10 23. The microscopy sjystem of claim 1 or 21 

further comprising an optical scanning element disposed 
on a f lexuir^rimounted armature and driven by a :, 
galyanometjer: to rptjate about an axis, wherein said 
armature is; mounted on crossr flexures, in a manner to 

15 provide hiph angular compliance and radial; rigidity and 
ssiid galvanometer is of the moving magnet type having a 
perm^nqnt magnet rotor secured in driving relationship to 
said; armature; s and ;;'!•!: 

! (i wherein; saicj optical element comprises paprt pf 

20 said; optical: syste^n. j I ■• 

■• .; 'I .; | !'!:• i,';;! \ . , ■ j '» , . ! 

I ;;24j PA, scanning; system comprising sin optical 
scanning element disposed on; a flexure-mounted armature 
and driven by a galvanometer to rotate about an axis, 
wherein said armature is mounted on cross-flexures in a 
25 manner! to provide high angular compliance and radial 
; rigidity ahd'vsaidi galvanometer is of the moving magnet I 
type | halving j a; pei^ahent Magnet rotor secured in dfiving 
rqljationship tp> j said armatur^ . ; !• 

i : j 'i 1 «i i » . • « . 

•;25.| The scanning system of claim 22, 23 or 24 
30 wherein said armature is elongated, and said flexures 
comprise spaced apart pairs of crossed flexures, 'each 
said j flexure.' beihg I radially rigid. 

i ''..;!:"' | j ' ■ ! ': ! ^ 1 - ; 1 ; - , 

: . i , • • : 1 i ; 1 i 1 ' 1 , ' ; ; > 1 ■■ : . ■ 
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26, ; The scanning system of claim 25 wherein said 



flexures 6^ i each 
rotation. I ' 



pair pass through and cross said axis of 



' 27. The scanning system of claim 26 wherein said 
5 armeltuire is balanced statically and dynamically along its 

axis of rotation by said dross flexures. 

! : •■ i ■ , " . ,< < 

■ < 28j. | , The! 'scanning system of claim 25 wherein said 
armature comprises elongated structure extending 1 
continuously between s&id pairs of flexures. l ; 



io ;: 29|. A scanning system comprising a flexure- 

mounted atTnjatujre driven by a galvanometer to rotate, about 
an axis, v|hj$re|in said armature is mounted on cross- 
flexures ^ni'ia/^imer to provide high angular compliance 
and radial rigidity and; said galvanometer is of the; 

15 moving magnet type having a permanent magnet rotor 

secujred in driving relationship to said armature, said 
armature being; elongated, and said flexures comprising 
spaced; apart pairs of crossed flexures, each said flexure 



bexng radaiajllyi rigid, said flexures of each pair 

■ : ; ' : i ; K <r! i ■ , 
20 through and' pressing s^idaxis of rotation*. 



i i 



passing 



30. The scanning system of claim 29 wherein said 
armature is balanced statically and dynamically along its 
axis, of rqtation by said cross flexures. 



:i 3ll i'jThe ^canning system of claim 29 wherein said 
25 armature comprises elongated! structure extending . i 
; continuously .between said pairs of flexures. ) l 



'i " 1 i. 
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32 1 A ; scanning system comprising an optical 
scanning element disposed on a flexure-mounted armature 

: and driven by a galvanometer to rotate about an axis, i 
wherein sai id armature is mounted on cross-^f lexurjes in a 

5 manner, to 'provide high! angular compliance and radial 
rigidity and said galvanometer is of the moving magnet 
type! having a permanent magnet rotor secured in driving 
relationship : to said armature, said armature being 

' . ■ i j • I'-"'' 1 1 ' ■ ' j ! i 

elongated/ and; said flexures comprising spaced apart 
10 pairs of qropse^ 'flexxires, each said flexure being ; 
radially rigid; said flexures of each pair passing , 
through a jcavity within 'said; armature and crossing said 
axisj of rotation, said| armature comprising elongated 
structure 'extending continuously between said pairs of 
flexures, and said armature being balanced statipally and 
dynamicaiajyltalpnig; its axis of rotation by said cross 
flexures, j ! 



15 



I . ! 



33. The scanning system of claim 24, 29 or 32 
wherein trie ;rotpr of said galvanometer is polarized into 
20 two semi-cylindrical poles; oh opposite sides of said 
axis, iand said galvanometer includes coils disposed: on 
; opposite sjidesj of i; jthe magnet, separated by a plane pf 
symmetry that is in essential alignment with thej poles of 
: tl[ie ina^neti ap jthe center! of its range of rotation, ! 
25 whereby when a current flows! through the coils the 

magnetic ^ield prodluced; applies a torque to the magnet to 
move! it a controlled distahc'e. 



; = 34j, | Thej scanning system of claim 24, 29lor!32' 
wherein a sensor ! rotor! is secured to the end of said 
30 ! armatute dpppsite from 1 said galvanometer, ito determine 
the angular positipn of ; the armature for comparison to 
the command input to the system. 
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! J 35. The scanning system of claim 34 wherein an 
optical element on said armature comprises part of an 
optical system of a scanning microscope. 1 

: » ! M-i ! H:j , . = i ■; V \ ' ' 

; ' : " ' | ■ I' i ' I; i i • if I * j ' •* I ! • 

3 6». i The i i scanning system of claim 34 wherein said 
5; sensor rotor is used to j control said galvanometer in 
accordance with the command jinput to the system. 



J 3 7L ; £he microscope system of claim 21 further 
comprising ah optical scanning element disposed on a 
f le^tjB-m^udtedi -armature and driven l?y a galvanometer to 
10 rotate! abcj>ut an axis, wherein said armature is mounted o!n 
crbss-f lexiires in a manner tjo provide high angular 
compliance and radial rigidity and said galvanometer is 
of the moving magnet type haying a permanent magnet rotor 
secured in driving relationship to said armature.: 
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